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Abstract

The viral protein HIVgp41 is an attractive and validated drug target that proceeds through a
sequence of conformational changes crucial for membrane fusion, which facilitates viral entry.
Prior work has identified inhibitors that interfere with the formation of a required six-helix bundle,
composed of trimeric C-heptad (CHR) and N-heptad (NHR) repeat elements, through blocking
association of an outer CHR helix or obstructing formation of the inner NHR trimer itself. In this
work, we employed similarity-based scoring to identify and experimentally characterize 113
compounds, related to 2 small-molecule inhibitors recently reported by Allen et al (Bioorg. Med.
Chem Lett. 2015, 25 2853-59), proposed to act via the NHR trimer obstruction mechanism. The
compounds were first tested in an HIV cell-cell fusion assay with the most promising evaluated in
a second, more biologically relevant viral entry assay. Of the candidates, compound #11 emerged
as the most promising hit (ICsg = 37.81 uM), as a result of exhibiting activity in both assays with
low cytotoxicity, as was similarly seen with the known control peptide inhibitor C34. The
compound also showed no inhibition of VSV-G pseudotyped HIV entry compared to a control
inhibitor suggesting it was specific for HIVgp41. Molecular dynamics simulations showed the
predicted DOCK pose of #11 interacts with HIVVgp41 in an energetic fashion (per-residue
footprints) similar to the four native NHR residues (IQLT) which candidate inhibitors were
intended to mimic.
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Although the development of potent Human Immunodeficiency Virus (HIV) drugs has
generally increased the longevity of those infected, many anti-retroviral compounds become
susceptible to viral genetic variability which reduces and in some cases eliminates their
efficacy.1:2 As such, there is continued need to develop alternative treatment options for HIV
to address the potential devastating effect of mutations. Two underexploited viral drug
targets, compared to HIV protease and reverse transcriptase, are the glycoproteins gp120 and
gp41, which play an essential role in viral entry.3 Upon the initial binding of gp120 to the
CD4 receptor and CCR5 and/or CXCR4 co-receptors of a target cell, the gp41 protein
undergoes a series of conformational changes required for the fusion of the viral and host-
cell membranes.#-% Focusing on targeting gp41, there are several inhibitory strategies many
of which focus on the pre-hairpin intermediate.”~11 In particular, C-heptad repeat (CHR)
derived inhibitors, such as the FDA approved peptide drug T20 (Fuzeon), bind the gp41
intermediate, which obstructs association of the native oufer CHR helices. This binding
event prevents formation of the six-helix bundle required for viral entry.412-14 Alternatively,
peptides have been proposed that hinder or block formation of the /nner N-heptad repeat
(NHR) trimerl>-19 although via a less-well studied mechanism. One complicating factor is
that peptide inhibitors that mimic NHR sequences such as N36 and N36MUt suffer from
aggregation, which is less of problem for CHR peptides. In an attempt to mitigate potential
aggregation issues, as well as other pharmacological challenges such as peptide
bioavailability, we recently reported a dual computational/experimental approach?? designed
to identify small-molecule compounds capable of mimicking native interactions within the
NHR trimer, and thereby potentially obstructing formation of the trimer itself, for use as
potential drug leads.

Briefly, the computer-aided modeling procedure in our prior work employed time-averaged
molecular dynamics simulations and atomic-level footprints (per-residue interaction
patterns)2% which were used to identify two possible binding pockets (termed IQLT and
QLIQ) at the interface of two NHR helices named for the key residues from the third NHR
helix that interpolate each site. Figure 1A, shows the IQLT pocket. Two large scale virtual
screens of ca 1.4 million purchasable compounds each (ZINC?2! database) were performed
independently to each pocket with 120 compounds ultimately selected for experimental
testing. Two compounds emerged from the work, designated A2 and D9 (Figure 1B), that
showed reasonable anti-fusion activity and cytotoxicity. Both were prioritized from the same
IQLT computational screen. In this work, we hypothesize that identification and testing of
compounds that are “similar” to A2 and D9 in terms of both two-dimensional (chemical
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composition) and three-dimensional space would lead to additional small-molecule hits that
could arrest viral entry via the same proposed mechanism. The specific goals are three-fold:
(1) leverage our new Hungarian Matching Similarity (HMS) algorithm?2 to identify and
purchase compounds docked into the IQLT site that are structural and/or energetic analogs
of A2 and D9, (2) experimentally test the purchased analogs to assess cell-cell fusion
activity, viral-entry activity, and cytotoxicity, and (3) examine the most promising hits in
greater detail using molecular dynamics simulations to assess geometric and energetic
stability.

To identify compounds related to A2 and D9, we processed the top 100,000 docked
compounds from the original IQLT screen, prioritized by the standard DOCK Cartesian
energy (DCE) score, using our HMS algorithm as implemented into DOCKS6. For each
parent compound (A2 or D9) the top 200 HMS-ranked molecules were then examined using
three-dimensional stereographic visualization in combination with several descriptive and
physics-based metrics to select compounds for purchase. Ultimately, a total of 113 (A2:
N=60, D9: N=53) compounds were obtained for experimental testing.

Table 1 compares descriptors for each of the parents with the average descriptor values
computed for each group of analogs: HMS score,22 Volume Overlap Similarity (VOS) score,
van der Waals Footprint Similarity (FPSypy) score,24 electrostatic Footprint Similarity
(FPSgs) score,24 and Pharmacophore Matching Similarity (FMS) score.?® For these four
descriptors the numerical values for each parent represent the most favorable scores that
could be attainable (i.e. perfect overlap). For comparison, three other descriptors are shown
and include molecular weight (MW), number of rotatable bonds (RB), and DOCK Cartesian
energy (DCE) score.

As expected, because each group of analogs was primarily selected using the HMS method,
many of the average descriptors in Table 1 demonstrate good overlap with the two parent
molecules. For example, values for the HMS scores of ~ —2.5 are relatively close to the
maximum score of =5, which, based on our experience is indicative of substantial similarity
in both 2D and 3D space. For VOS score, the average values of 0.7 and 0.8 are close to 1,
which again indicates extensive overlap. Figure 2A highlights just how well the DOCK
poses for these analogs are confined within the volume envelope of each respective
reference. In terms of interaction energy patterns, FPSy/pyw and FPSgg columns show van
der Waals and electrostatic footprint similarity scores which measure how well a candidate
molecule mimics the per-residue energetics made by a reference ligand (A2 or D9) bound to
a receptor (computed using Euclidean distance). The FPSy/py values of 2.6 and 2.2 and
FPSgg values of 0.9 and 1.1 suggest good average similarity across the group. Visual
examination of footprints for analogs with the best FPS overlap (N=5 each) highlights the
considerable pattern overlap (Figure 2B). The final similarity descriptor in Table 1 quantifies
pharmacophore overlap (FMS score). As reported by Jiang et al, 2> FMS scores in the range
0 — 2 were found for identical compounds having conformations that differed by 2 A or less
in root mean squared deviation (RMSD) overlap and thus would be considered well-
matched. The somewhat higher average FMS values of 2.4 and 3.1 seen here are likely due
to the differences between the analogs and their references (i.e. compound pairs differ in
both conformations and topology). Closer examination revealed that 24 out of the 60 A2
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analogs and 21 out of the 53 D9 analogs yielded individual FMS values < 2 indicative of
significant structural overlap, which was confirmed through 3D visualization. Other
computed properties include MW for which both groups of analogs show some deviation
from their respective parents by about 27-40 g/mol. As it pertains to ligand flexibility, both
the A2 (RB=9.5 vs 11) and D9 analogs (RB=8.1 vs 8) have approximately the same number
of rotatable bonds. In terms of energy score, the average DCE values for the analogs are
somewhat less favorable than their parents which can be partially explained by their lower
MW. Although, one analog from the A2 group and three analogs from the D9 group showed
DCE scores more favorable than their parents.

In order to test whether these groups of analogs would inhibit gp41-mediated membrane
fusion, cell-cell fusion assays were performed. The assay, as described previously,2°
involves a well-validated model of the HIV-host cell system utilizing HL2/328 cells
expressing the viral proteins and TZM-bl2731 as the receptor line. Briefly, the TZM-bl cells
were seeded in a 96-well plate and each plate was designed as follows: 2 wells for 25 uM of
each of the small-molecule compounds, 8 wells for the dimethyl sulfoxide (DMSO)-only
controls to determine maximum signal (positive signal control), and 8 wells for 1 uM of
anti-fusion peptide C34 treated samples to determine maximum inhibition (negative signal
control). All small-molecule compounds were dissolved in DMSO and further diluted in
complete media.

After 24 hours, the TZM-bl cells and HL2/3 cells were pretreated with 25 puM of small-
molecule compounds, DMSO, or 1 uM of C34 peptide inhibitor followed by co-incubation
for 6 hours at 37 °C in a 5% CO2 incubator. At 6 hours post co-incubation, cell-cell fusion
levels and cell viability were measured by a luciferase and cell viability combined system
(ONE-Glo + Tox Luciferase Reporter and Cell Viability Assay, Promega) according to
manufacturer’s protocol. The luciferase signal was normalized utilizing the same procedure
as described in Allen et al.20

Figure 3A shows the top 35 compounds (colored blue if the luciferase signal < 0.5 and
outlined in gray if the luciferase signal > 0.5) of the 113 that were experimentally tested in
comparison with a DMSO-only control, (black), the known C-peptide inhibitor C34 (red),
and the two parents A2 (magenta) and D9 (light blue). The relatively high percentage of hits
with 50% inhibition at 25 uM (N=30) is most likely attributable to the group’s structural
similarity to A2 and D9 with similar overall properties (Table 1, Figure 2). Among the hits,
25 were analogs of D9 and 5 were analogs of A2. Encouragingly, all of them exhibited
greater activity compared to their parents (Figure 3A blue vs magenta and light blue). And,
several candidates showed activity similar to the known C34 peptide although they were
tested at a higher concentration (25 vs 1 uM). Importantly, accompanying cell viability
measurements, (Figure 3B, blue bars) showed minimal effects indicating that reduced cell-
cell fusion levels were not primarily due to a loss in cell viability. We similarly attribute this
result to the analogs being derived from parents originally selected not only because of their
activity but also their relatively low cytotoxicity.

In addition to the cell-cell fusion assays, we evaluated all 113 compounds in a second, more
biologically relevant viral entry assay. Briefly, HI\-1 stocks were prepared by a standard
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transfection method using polyethylenimine (PEI) MAX 4000 (Polysciences),32:33
pNL4-3.HSA.R-E- plasmid and pHXB2-env plasmid,34 and the infectious titer of each virus
stock was quantified by X-Gal staining in TZM-bl cells.3%:36 The day before the infection,
TZM-bl cells were seeded at a concentration of 104 cells/well in a 96-well plate and each
plate was designed as described above for the cell-cell fusion experiments. As before, the
target cells were pretreated with 25 pM of the small-molecules, DMSO, or 1uM of C34
peptide for one hour at 37 °C. Multiplicity of infection (MOI) 0.1 of virus was also
pretreated with the small-molecules, DMSO, or C34 for one hour at 37 °C. One hour later,
medium containing the small-molecules was replaced with virus samples that had been
separately incubated with the small-molecules. Cells were spinoculated at 1,000 x g for 1
hour at room temperature and then incubated for one hour at 37 °C in a 5% CO2 incubator.
Cells were washed, replaced with fresh complete media without any of the candidate
inhibitors and further incubated for two days at 37 °C in a 5% CO2 incubator. At 48 hours
post infection, viral entry levels and cell viability were measured and the luciferase signal
was normalized as described earlier.

Figure 4A shows the top 35 viral entry results, similar to that plotted above for cell-cell
fusion, with compounds rank-ordered by activity. Analogous to Figure 3, the 6 compounds
colored blue here indicate a luciferase signal < 0.5. Again, active compounds appeared to
have low cytotoxicity (Figure 4B, blue) suggesting the decrease in viral entry was not
predominantly related to losses in cell viability. As before, the hits were a mix of parent
scaffolds (A2=3, D9=3). Unexpectedly however, and in sharp contrast to the cell-cell fusion
results, rank-ordered ligands beyond the 35 shown exhibited agonist behavior (luciferase
signal > 1) in terms of viral entry. Surprisingly, the parent compound A2 was also a slight
agonist (Figure 4A, magenta) although the parent D9 was an antagonist (Figure 4A, light
blue), albeit a weak one. While the identification of compounds showing viral entry agonism
is an interesting result, since the goal of the work was identification of antagonists, such
molecules were not considered further. It should be noted however that the identification of
agonists is not without precedence or usefulness in the HIV entry field as recently detailed
by Courter et al.3” For the present work, using the known viral entry inhibitor C34 as a
benchmark (Figures 3 and 4, red), we were encouraged that two compounds #11 (an analog
of A2) and #73 (an analog of D9) appeared to have similar behavior with regards to
inhibition of cell-cell fusion (> 50%) and viral entry (> 50%) and low cytotoxicity (Figures 3
and 4, blue).

We employed the publically available ZINC1538 and PubChem3940 chemical databases to
explore if either compound had previously displayed promiscuous biological activity, was a
colloidal aggregator,*! or had PAINS*2 alerts that might indicate non-specific effects.
Compound #11 was not reported to have previously been tested, and #73 was reported as
having biologically activity in only 9 out of 852 bioassays (PubChem results) with 4 of the 9
entries citing the same target (ATADS). Neither compound was identified as an aggregator.
However, both compounds showed some similarity to reported aggregators in ZINC15
(similarity index = 0.54 for #11, and 0.62 for #73). Compound #11 had one PAINS alert due
to the presence of a Azone_phenol A substructure while compound #73 had no alerts
(ZINC15 results).
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To help rule out non-specific effects we counter screened both compounds against an
unrelated biological target to validate that the observed activity was specific to HIVgp41.
The orthogonal assay employed a vesicular stomatitis virus (VSV)-G protein pseudotype*3
(Figure 5). The VSV-G virus was produced by a standard PEI transfection using two
plasmids, pNL4-3.HSA.R-E- and pCMV-VSV-G and viral entry was tested in the presence
of 25 uM of inhibitors as described above. Compound #11 showed no inhibition of VSV-G
pseudotyped HIV entry compared to the highly potent control inhibitor Bafilomycin A144
(red, Figure 5) suggesting the compound was specific for HIVgp41. Compound #73 showed
only minor inhibition (blue, Figure 5).

To further validate specificity, dose-response experiments for #11 and #73 (Figure 6) were
performed to assess viral entry activity (black curve) and cytotoxicity (red curve) at varying
concentrations. Inhibitory concentrations at 50% (ICsg) of the molecules were plotted and
determined using GraphPad Prism 7. Surprisingly, compound #73 exhibited agonistic
behavior (Figure 6 middle) as the concentration was increased despite being an antagonist at
25 UM (Figure 4A). In addition, the cell viability of #73 decreased dramatically at higher
concentrations. However, for compound #11, a well-behaved dose-response curve was
observed (Figure 6 left) and the compound was not toxic even at the highest concentration
tested (100 uM). The ICg after curve fitting was 37.81 + 11.74 uM. For comparison, the
dose response curve for the known peptide inhibitor C34 is also shown as a positive control
(Figure 6 right). Taken together, the observation that #11 exhibited activity in two different
assays (cell-cell fusion, viral entry) in direct comparison with a known control inhibitor
(C34), showed well-behaved dose-response behavior, had low cytotoxicity, and had no
significant activity in an orthogonal VSV-G assay suggest its activity for HIVgp41 is
selective and not a result of promiscuity.

To more completely assess the energetics of #11 in its DOCK-predicted pose, and obtain
conformational dynamics, molecular footprint analysis and all-atom molecular dynamics
(MD) simulations were employed. Briefly, the ff14SB*° force field was used for the protein
(PDB ID 1AIK). The protein was capped with the N- and C-terminus capping groups, acetyl
and N-methyl amide. The parameters for the ligand were acquired from GAFF46 force field
and the antechamber module was utilized to compute AM1-BCC*7+48 charges. The solvent
was modeled using a 13 A TIP3P*9 solvent buffer encapsulating the protein in a truncated
octahedron box. The system was neutralized by the addition of four chlorine ions. Prior to
performing production MD, the system was equilibrated in a stepwise fashion. First, the
solvent and the hydrogen atoms of the protein were minimized, followed by a minimization
of the entire system. The system, with positional restraints of 20 kcal mol=* A2 on the
solute, was heated linearly from 50 — 300 K over a period of 250 ps, using a canonical
ensemble. Next, the density was equilibrated for 500 ps in an isothermal-isobaric ensemble.
Finally, the positional restraints on the backbone atoms of the protein and heavy atoms of the
ligand were reduced from 5.0 to 0.1 kcal mol=* A=2 over the course of four MD simulations.
The production phase of the MD simulations, run in sextuplicate, included a weak 0.1 kcal
mol~1 A=2 restraint on the backbone atoms but the ligand was unrestrained. All simulations
were performed with the CUDA-accelerated version of pmemaP®-52 in AMBER16.53
Analyses of the MD trajectories were accomplished utilizing VAMD,>* Chimera>® and the
coptraf® module in AMBER16.
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To assess overall stability and compatibility with the IQLT pocket, the root mean squared
deviations (RMSD) of #11 were computed for all six MD simulations using as the reference
the original DOCK pose. Previous studies?%7 in our laboratory have employed MD to
characterize how thermal motion affects docked ligand geometries of a solvated complex.
Here, three types of RMSD calculations were performed: (i) total ligand RMSD after fitting
gp4l Ca atoms from MD snapshots to the receptor used in the original docking calculation,
(ii) partial ligand RMSD for a subset of ligand atoms, (iii) total ligand RMSD after fitting
compound #11 to itself. As shown in Figure 7A (left), RMSDs which includes changes in
ligand internal geometry plus rigid-body motion are relatively large for all but one of the
trajectories (cyan ~ 4 A) although all appear to reach an equilibration plateau. Upon
inspection, the terminal 1-methylbenzimidazole ring was observed to have sizeable
fluctuations in several simulations and plots with this group excluded show three of the six
trajectories (cyan, magenta, red) have lower RMSD values of between 2 — 4 A by the end of
the runs (Figure 7A, middle). The other end of #11 contains a 3,5-dibromo-2-hydroxy-
benzylidene group which, although more geometrically stable, flips up and rotates in most
simulations to form greater electrostatic interactions with nearby gp41 residues. Studies to
identify more rigid analogs, using de novo design and genetic algorithm approaches
implemented into DOCKS®, are planned for future work.

Interestingly, despite these changes, a RMSD histogram computed by fitting only the ligand
coordinates of each MD frame to the originally docked pose (which removes rigid-body
effects) shows much smaller variability (1.5 A average) suggesting the overall intra-
molecular geometry is surprisingly well-maintained (Figure 7A, right). Figure 7B compares
the original DOCK pose with 20 evenly-spaced snapshots from the most stable (cyan) MD
simulation. For this trajectory, the ligand remains relatively close in space to the DOCK-
predicted position although the aforementioned deviations preclude good volume overlap.
Nevertheless, as described below, an examination of molecular footprints indicates that
many of the same interactions are in fact maintained as originally predicted, including
mimicry of native IQLT residues.

The IQLT pocket is highly solvent exposed, thus use of RMSD alone to gauge geometric
stability may lead to false negatives as recently described in Holden et al.>” In such
instances, examination of molecular footprints provides an alternative way to assess pocket
compatibility. Figure 8 compares footprints based on the original DOCK pose of #11 (blue),
MD-averaged trajectories of #11 (black), as well as a MD-averaged trajectory of IQLT
(orange) derived from one HIVVgp41 NHR helix. In general (Figure 8 top), there is
substantial overlap between the original DOCK (blue) and MD-averaged (black) van der
Waals footprints for #11. Although, the magnitude in some cases is less favorable at several
positions in the MD-averaged profile (black), in particular at position GIn51c (chain c).
Comparison of DOCK and MD-averaged electrostatic footprints (Figure 8 bottom) for #11
also show reasonable overlap, especially at three positions (GIn51a, GIn51c, and Thr58c),
although two peaks at positions Leu55c¢ and Lys63c are not observed in the MD results (blue
vs black). Favorable increases in electrostatics are observed in the MD simulations of #11 at
positions GIn51a and GIn51c, in addition to a new interaction at Leu54c, which are a result
of ligand geometry changes noted above that lead to stronger hydrogen bonding in the
proposed pocket versus the originally docked pose.
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Footprint comparisons between the IQLT peptide fragment and #11 (MD-averaged) show
both similarities and differences (Figure 8, orange vs. black). The van der Waals footprint
profile for IQLT has considerable structure with thirteen gp41 interactions peaks at -1
kcal/mol or greater. Notably, compound #11 yields a similar overall pattern and nine of the
thirteen peaks made by IQLT are satisfied supporting our initial intent of identifying small
molecules capable of molecular mimicry. In sharp contrast to the van der Waals footprint,
the electrostatic pattern for IQLT is relatively flat, and of the only two favorable peaks
observed, only one is greater than —1 kcal/mol (GIn52a). Interestingly, the originally docked
pose of #11 (Figure 8 bottom, blue) showed a small electrostatic interaction at this position
although the MD-averaged results yield comparable magnitudes (-=1.51 vs —1.46 kcal/mol)
with IQLT (Figure 8 bottom, black vs. orange). Overall, we hypothesize that mimicry of the
native GIn52a electrostatic peak, together with new interactions observed at GIn51a, GIn51c,
and Thr58c, helps provide selectivity for the pocket. This could help to explain both potency
and lack of cytotoxicity of #11 as a function of increasing concentration (Figure 6, red).20

In conclusion, docking results from a prior large-scale virtual screen to the IQLT pocket20 on
HIVgp41, that resulted in the identification of two experimentally-verified leads A2 and D9,
were data-mined using similarity-based scoring (HMS method) to identify 400 related
molecules hypothesized to obstruct formation of the NHR trimer thereby preventing viral
entry. Using multiple physics-based and descriptive metrics, 113 compounds were selected
for experimental testing (Table 1). Based on results from cell-cell fusion (Figure 3) and viral
entry (Figure 4) assays, each with accompanying cytotoxicity measurements, and through
comparison to a known HIV entry inhibitor (C34), two candidates emerged. Following dose-
response analysis, only compound #11, an analog related to the initial parent A2, appeared
promising and was examined further. Subsequent atomic-level modeling of #11 revealed the
MD-average pose makes numerous favorable energetic interactions in the targeted binding
site, many of which mirror the native reference IQLT, a peptide fragment from HIVVgp41,
which the small molecules were originally intended to mimic. Although more detailed
experimental mechanistic studies are warranted, these results provide additional support for
continued development and characterization of a potentially new class of small-molecule
inhibitors that arrest viral entry through obstructing formation of the gp41 NHR trimer.
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Figure 1.
(A) Top, ribbon representation of the HIVgp41 NHR-trimer model, based on prior work

reported by McGillick et al,23 with highlighted spheres (orange) showing the location of the
four residues that correspond to the IQLT pocket. (Bottom) Close-up view of the four native
(IQLT) residues that interpolate the pocket. (B) Structures of A2 and D9.
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Figure 2.
(A) The 3D predicted binding geometries for A2 (purple surface) and D9 (light blue surface)

with each group of analogs (colored sticks). (B) Comparison of van der Waals and
electrostatic footprints of A2 (purple) and D9 (light blue) with the top 5 analogs (green)
showing the best overlap in each case. A distant-dependent-dielectric cutoff (ddd=4r) was
used to compute the electrostatic footprint score.
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A. Cell-Cell Fusion

Normalized Fusion

Figure 3.
Experimental cell-cell fusion (A) and cell viability (B) for the top 35 out of 113 compounds

when ranked by activity using a combined luciferase reporter and cell viability assay.
Colored blue are compounds with a luciferase signal < 0.5 and outlined in gray are
compounds with a luciferase signal >0.5. Also shown are DMSO only (black), control
peptide inhibitor C34 (red), and the two previously identified inhibitors A2 (magenta) and
D9 (light blue). Compounds labeled in alphanumeric code along the x-axis.
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A. Virus Entry

Normalized Entry

Figure 4.
Experimental viral entry (A) and cell viability (B) results for the top 35 out of 113

compounds when ranked by activity using a combined luciferase reporter and cell viability
assay. Colored blue are compounds with a luciferase signal < 0.5 and outlined in gray are
compounds with a luciferase signal >0.5. Also shown are DMSO only (black), control
peptide inhibitor C34 (red), and the two previously identified inhibitors A2 (magenta) and
D9 (light blue). Compounds labeled in alphanumeric code along the x-axis.
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Figure 5.
VSV-G mediated viral entry results of compounds #11 and #73, colored blue. Also depicted

are DMSO (black) and the control Bafilomycin Al (BFA1L).
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Figure 6.

Dose-response viral entry curve (black), cytotoxicity curve (red), of compounds #11 (left),
#73 (middle) and the control peptide inhibitor C34 (right). The 2-dimensional structures of
#11 and #73.
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Figure 7.

1.5 2 25 3 3.5
RMSD (A)

(A) The DOCK pose of #11 was the reference for all RMSD calculations. Left, RMSDs vs.
time for #11 from six different MD simulations (colored lines); Middle, RMSDs vs. time for
#11 with the more flexible 1-methylbenzimidazole ring excluded. Right, composite
histogram of internally-fit RMSDs for compound #11 from all simulations; (B) Twenty
evenly spaced MD snapshots of #11 (line representation) extracted every 1000 ps from the
most stable (cyan) trajectory compared to the initial DOCK pose (surface representation) in

the IQLT pocket formed by two gp41 NHR peptides (purple ribbon).

Bioorg Med Chem Lett. Author manuscript; available in PMC 2018 July 15.



Page 18

McGee et al.

QLT MD

— #11 MD

= 111 DOCK

: ; 202 N3 : ; : s 202 N3
L { 069 31| L Rt { 069 31|
- { 989 BHY . , : 1 989 BHY
- 1 9/9V1V - 1 2,9 V1v
, 1 299 NTD , 1 999 NTD
L { 069N i 1969 N3
i 1 9%9 N1D - : 1 979 N1D
- 1 989 SAT - 1 989 SAT ,
- 1 929371 X 1 929371 o = 4
- {919 A1 - {919 A1 ST
. { 1 209 ddl ‘ 1 909 ddl1 QL9
- { 96G VA - [ 1 965 VA e B
- 198G YHL - 1 986 YHL S 5 E &
, p {96037 L 1 1 9/5037 O = 5 a
L 1 996 NTD L 1 996 NTD o9 S o
- N ED - {965 N7 S B8 ?
- 3 T EY - 195 NI S = a8 &
- . 1 0€6 3H X 1 9€5 3iH = o= c
, S R = R szed
- 4 - 4 —
[ Joosvy | 1 208 vy 22535
- 1 967 N1O - | 1 267 01D =2 38 c &
- 1 o8y 3 - : { o8y 37 =< o 5
- oLy VIV - A AA\ =2k o5
29y DYy < 29y DYY n d e 3
o5y N3] ‘ o5y N3] —=C g £
1 9p¥ NI oby N31 v = O ¥
L { 987 NSV - { 987 NSV S o o =2
oy NSY 1 92v NSY IS ==
oIy NTD 1 9P NID =283
207 N19 : 1 90v N19 - 5 9 &
26€ N1D 1 968 N1D < 3 9 2
, 08¢ YA 1 98¢ VA ¥ D5
9/€ F1| { 28 371 - 6 9 E
99g 19 L 1 29¢ A19 © 85 L 9
sy na | 1 %50 2229
- 4 — d
€69 3| . { 69 | S Ec5
| ego By | | 1 eg9 By s s 2
e/9 V1V g LI 1 B9 Vv Y T o~
299 N19 I 1 899 N19 0524
eG9 N3] - { BS9 N3 O © e 2
ep9 NTD L 1 BY9NTD L
eE9 SAT L 1 e€9 SAT O 9% « &
ez9 37| - A 1 ®29 37 — 3 T 8
219 A19 . 181919 s T8 =
209 dy1 L 1 09 dH1 £ 2=23
€65 YA L 1 ©65 VA > £ D
e85 HH1 L 1 e85 ’HL =5 5 o
e/5 N3] . 1 ®B5N37 S5 Bo
295 N1D s 1 89S N1D o € &
e56 N3] L 1 ess N37 £ 8 5 =
epG N3] L 1 e¥s N3 = S 5
ecs JH . < 1 BES 3IH 5X 26
825 N1D 1 B2S N1D 2 g L c
e[S NTD {1 BISNTD c 2S5
©05 V1V 1 ®05 V1V s 2 =
e6p N19 1 ®67PN1O b7 <
ory 1y 1 ey dn ERER
egy DHY b | &gy ouv o o2&
eSp N3] | { BSy N3] ESs E 28
epy N3] ‘ 1 epb N3 S SR
ecy NSV 1 BEY NSV © ¢ 9 O
ech NSY 1 B2y NSY 22 2 c o
ely N1D | 1 LY NTD “.E 5@ &S
e0p N1D 1 BOY NTD s 5 58 OB B
e6€ N1D 1 B6ENTO S22 89 <c3z 3
ege YA 1 e8¢ WA 20 & s 25
e/€ | SR 20 © 5 ¢ 2
4 B9E A 1D - 4 B9E A1D L &5 < O ©
. . . . . eSE HIS . . . . eSE HIS
N °o o ¥ © ® N o o ¥ © ®
(lowyredy) ABisuz man (lowyredy) ABieug g3

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Bioorg Med Chem Lett. Author manuscript; available in PMC 2018 July 15.



Page 19

McGee et al.

Author Manuscript

‘(81qeJoney alow SI 8109s anreBau Jabie|) jow/[edy Jo suun ul AB1sua ueisaue) MDOQ abelane = m_om_t

‘spuoq a]qelelod Jo Jaquinu abelane = ay;

‘yBram senosjow sbelane = \S_\,_x

‘(dejJano Jamaq aney ( 01 Jas0]d slaquinu) 2109s aloydodew.reyd abelane = m_\,_u_m

‘(desano Janag aney ( 01 J8sO|d Siaquinu) 8109s Julid1004 abelane = wm_\>>n_>mn_u_b

‘(awnjon Jejiwis Adn220 T 03 8S0JJ SaNjeA) 8109S awn|oA abelane = mo>Q

‘(dejJano Janaq aney G- Jo a109S 8]geionR) Xew aUy} 01 J3s0]9 SanjeA) 2102s ueliefuny abelane = m_\,_IQ

‘spunoduwiod paje|al Jo Jsquinu = N,

ST+LTv— OTF1'8 GCE+8TISY LTFTE  GOFIT G'0¥¢Z TO0¥80 CT¥r'z- €5 sbojeuesq
9vy- 8 0'T6Y 00 00 00 0T 06— T wiared 6@
8T+e¢h— €ETF56 VGEFETW 60%v¢ €0+6°0 9'0¥9C TOFL0 G0¥9Z- 09 sbopeuezy
T'Ly- 17 9'/8Y 00 00 00 0T 0'S- T juared 2v

4300 paY JMN oSWH  S3sdd pMINSd  oSOA  gSIWH  eN  punodwiod

‘Buriods uerrebuny Buikojdwa palosas sajndsjow 10} s101dLIosap Jo Arewiwng

T alqeL

Author Manuscript Author Manuscript Author Manuscript

Bioorg Med Chem Lett. Author manuscript; available in PMC 2018 July 15.



	Abstract
	Graphical Abstract
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1

